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SHELL TRANSFORMER/REACTOR 
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The present invention is related to a shell transformer/reactor 
comprising at least one electric winding surrounded by a shell of mag- 
5 netizable material and a method for producing such a transformer/re- 
actor. 

Transformers are involved in all transmission and distribution of 
electric energy, and their purpose is to admit exchange of electric en- 
ergy between two or more systems. Transformers are available in all 
10 effect ranges from the VA range up to the 1000 MVA range. There is a 
spectrum of transformers for voltages up to the highest transmission 
voltages used today. 

The transformers to which the present invention is related are 
so-called power transformers of shell type with a rated effect from a 
15 couple of hundreds of kVA up to more than 1000 MVA with rated volt- 
ages from 3-4 kV and up to transmission voltages of 800 kV. 

The winding is wound around the core in a usual toroidal trans- 
former. Difficulties will, however, arise if a large such toroidal transform- 
er is to be made due to the fact that each turn of winding is to pass the 
20 narrow space in the middle of the core. This problem does not exist for 
shell transformers. 

Shell transformers are previously known from for example DE 
40410.These previously known transformers comprise windings of cop- 
per wires surrounded by an iron core, which is formed by iron wire, iron 
25 band or iron sheet. 

The object of the present invention is to provide a shell trans- 
former for the above mentioned effect and voltage ranges, which is easy 
to produce, as well as a corresponding reactor of shell type. A further 
object of the invention is to propose a method for producing such a 
30 transformer/reactor. 

These objects are achieved with a sh II transformer/reactor of 
the type described in the introductory portion with the characterizing 
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features s t forth in claim 1 and with a method with the characterizing 
f atures d fined in claim 26. 

Since the electric winding comprises a high voltage cable, which 
is arranged to substantially enclose the electric field generated by a cur- 
5 rent in the winding, the production of the shell transformer/reactor is 

greatly facilitated since the shell can be designed without having to con- 
sider this electrical field. 

The cable used in the present invention is flexible and of a kind 
which is described in more detail in WO 97/45919 and WO 97/45847. 

10 Additional descriptions of the cable concerned can be found in WO 
97/45918, WO 97/45930 and WO 97/45931. 

Accordingly, the windings of the transformer/reactor according to 
the invention, are preferably of a type corresponding to cables having 
solid, extruded insulation, of a type today used for power distribution, 

15 such as XLPE-cables or cables with EPR-insulation. Such cables com- 
prise an inner conductor composed of one or more strands, an inner 
semiconducting layer surrounding the conductor, a solid insulating layer 
surrounding this inner semiconducting layer and an outer semiconduct- 
ing layer surrounding the insulating layer. Such cables are flexible, 

20 which is an important property in this context since the technology of the 
invention is based primarily on winding systems in which the winding is 
formed from cable which is bent during assembly. The flexibility of an 
XLPE-cable normally corresponds to a radius of curvature of approxi- 
mately 20 cm for a cable with a diameter of 30 mm, and a radius of cur- 

25 vature of approximately 65 cm for a cable with a diameter of 80 mm. In 
the present application the term "flexible" is used to indicate that the 
winding is flexible down to a radius of curvature of the order of four 
times the cable diameter, preferably eight to twelve times the cable di- 
ameter. 

30 The winding should be constructed to retain its properties even 

when it is bent and when it is subjected to thermal or mechanical stress 
during op ration. It is vital that the layers retain their adhesion to each 
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other in this context. The material properties of the layers are decisive 
here, particularly their elasticity and relative coefficients of thermal ex- 
pansion. In an XLPE-cable, for instance, the insulating layer consists of 
cross-linked, low-density polyethylene, and the semiconducting layers 
5 consist of polyethylene with soot and metal particles mixed in. Changes 
in volume as a result of temperature fluctuations are completely ab- 
sorbed as changes in the radius of the cable and, thanks to the com- 
paratively slight difference between the coefficients of thermal expan- 
sion of the layers in relation to the elasticity of these materials, the ra- 
10 dial expansion can take place without the adhesion between the layers 
being lost. 

The material combinations stated above should be considered 
only as examples. Other combinations fulfilling the conditions specified 
and also the condition of being semiconducting, i.e. having resistivity 

15 within the range of 10" 1 -10 6 ohm-cm, e.g. 1-500 ohm-cm, or 

10-200 ohm-cm, naturally also fall within the scope of the invention. 

The insulating layer may consist, for example, of a solid thermo- 
plastic material such as low-density polyethylene (LDPE), high-density 
polyethylene (HOPE), polypropylene (PP), polybutylene (PB), polymethyl 

20 pentene ( B TPX D ), cross-linked materials such as cross-linked polyethyl- 
ene (XLPE), or rubber such as ethylene propylene rubber (EPR) or sili- 
con rubber. 

The inner and outer semiconducting layers may be of the same 
basic material but with particles of conducting material such as soot or 
25 metal powder mixed in. 

The mechanical properties of these materials, particularly their 
coefficients of thermal expansion, are affected relatively little by whether 
soot or metal powder is mixed in or not - at least in the proportions re- 
quired to achieve the conductivity necessary according to the invention. 
30 The insulating layer and the semiconducting layers thus have substan- 
tially th sam coefficients of thermal expansion. 
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Ethylene-vinyl-acetate copolymers/nitrile rubber (EVA/NBR), bu- 
tyl graft polyethylene, ethylene-butyl-acrylate copolymers (EBA) and 
ethylene-ethyl-acrylate copolymers (EEA) may also constitute suitable 
polymers for the semiconducting layers. 

Even when different types of material are used as base in the 
various layers, it is desirable for their coefficients of thermal expansion 
to be of substantially the same order of magnitude. This is the case with 
the combination of the materials listed above. 

The materials listed above have relatively good elasticity, with an 
E-modulus of E<500 MPa, preferably <200 MPa. The elasticity is suffi- 
cient for any minor differences between the coefficients of thermal ex- 
pansion for the materials in the layers to be absorbed in the radial di- 
rection of the elasticity so that no cracks appear, or any other damage, 
and so that the layers are not released from each other. The material in 
the layers is elastic, and the adhesion between the layers is at least of 
the same magnitude as in the weakest of the materials. 

The conductivity of the two semiconducting layers is sufficient to 
substantially equalize the potential along each layer. The conductivity of 
the outer semiconducting layer is sufficiently high to enclose the electri- 
cal field within the cable, but sufficiently low not to give rise to signifi- 
cant losses due to currents induced in the longitudinal direction of the 
layer. 

Thus, each of the two semiconducting layers essentially consti- 
tutes one equipotential surface, and these layers will substantially en- 
close the electrical field between them. 

There is, of course, nothing to prevent one or more additional 
semiconducting layers being arranged in the insulating layer. 

According to a preferred embodiment of the transformer/reactor 
according to the invention, the transformer/reactor is produced by wind- 
ing the shell from a band of the magnetizable material covered with glue 
or paste whereby a mechanically stable shell and an easy and robust 
transf rmer or reactor construct! n is obtained. The terms "glue" or 
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"paste" are in this application used for a somewhat "adhesive" covering 
keeping superposed turns of winding together. The covering may either 
be formed by a polymeric material maintaining the adhesive consistence, 
such as of ordinary tape, or preferably be formed by a material, which in 
5 some way is cured, for example by heating so that a more rigid con- 
struction is obtained. The production of the shell will be uncomplicated 
by covering one of the surfaces of the band with glue or paste in ad- 
vance. Further, the winding band for the core does not need to be con- 
tinuous, since the magnetic flux can pass an air or glue gap. It is, thus, 

10 possible to wind the shell band until the end of the band roll in question 
and thereafter continue the winding with the next roll without putting 
down any big effort in bringing the free band ends into contact with each 
other. A relatively thin band is also easy to bend and, if necessary, fold 
for the shell production. 

15 According to an advantageous embodiment of the transformer/re- 

actor according to the invention, the glue or paste comprises a magne- 
tizable filling agent, such as iron powder or magnetite powder. The re- 
luctance of the core is thereby reduced. 

According to preferred embodiments of the transformer/reactor 

20 according to the invention, the second semiconducting layer of the insu- 
lated conductor in the windings is arranged to form substantially one 
equipotential surface surrounding the conductor, and the second semi- 
conducting layer may be connected to a predetermined potential, suita- 
bly ground potential. This is an important advantage, as metallic compo- 

25 nents in, for example, power transformers normally have a set ground 
potential. 

According to other preferred embodiments of the transformer/re- 
actor according to the invention, at least two adjacent layers of the wind- 
ing of the transformer/reactor have substantially equal coefficients of 
30 thermal expansion and each of said three layers of the insulated conduc- 
tor in th windings ar in contact with adjacent lay rs along substantially 
the ntire surfaces turned to ach other. The different layers of th insu- 
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lated conductor contact each other also wh n the cable is b nt ( which 
results in that ruptures are avoided when producing the winding. Rup- 
tures resulting from thermal expansion are also avoided. 

According to a further advantageous embodiment of the transfor- 
5 mer/reactor according to the invention, the winding is surrounded by a 
support construction. This support construction serves as a support for 
the band at the beginning of the winding of the shell. 

According to still another advantageous embodiment of the 
transformer/reactor according to the invention, the support construction 

10 and the shell are torus-shaped. A transformer/reactor is in this way ob- 
tained with a nearly perfect symmetry, which results in that practically no 
magnetic leak flux. Such an embodiment is therefore particularly well 
suited for being used in environments where any kind of disturbances 
should be avoided or in environments where it is desirable to avoid 

15 subjecting persons to electromagnetic fields. 

According to a further preferred embodiment of the transformer- 
/reactor according to the invention, two adjacent openings are formed 
through the shell for supply and removal of a cooling medium and a 
perforated partition for passage of the winding cable wall is arranged 

20 between the openings substantially across the winding space inside the 
shell. An easy embodiment for supply of the cooling medium is thereby 
achieved, and it is avoided that the cooling medium flows the "shortest 
distance" within the shell from the inlet to the outlet opening by the ar- 
rangement of the partition wall. The cooling medium is instead forced to 

25 pass through substantially the complete winding space in the shell and 
an effective cooling is thereby achieved. 

According to an advantageous embodiment of the method accord- 
ing to the invention, pins or blocks are arranged in a direction through 
the shell to be formed at the winding of the shell at those positions 

30 where openings through the shell are desired for electrical through-con- 
n ctions and cooling tubes, whereupon the band of magn tizable mate- 
rial is wound at the sid of said pins or blocks, and the pins or blocks 
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are thereafter removed. The opening formed by the pins or blocks will 
remain. It is, thus, in this way possible to obtain openings of a desired 
shape and on desired positions running through the shell. 

According to another advantageous embodiment of the method 
5 according to the invention, the primary and secondary windings of the 
transformer are wound mixed with each other. The advantage is thereby 
achieved that the magnetic field within the shell will be at a minimum 
level with a low stray inductance as a consequence thereof. 

Preferred embodiments of the shell transformer/reactor according 
10 to the invention will now be described more closely referring to the ap- 
pended drawings in order to explain the invention more in detail. In the 
drawings: 

Fig. 1 is a cross-section view of the insulated conductor or cable 

used for the windings of the transformer/reactor according to 
15 the invention, 

Fig. 2 shows a torus-shaped transformer/reactor according to the in- 
vention in a view from above as well as in a section across the 
torus in order to illustrate the production of the shell, 
Fig. 3 shows an alternative embodiment of the torus-shaped shell 
20 transformer/reactor in fig. 2, provided with openings through 

the shell for electrical through-connections and supply and re- 
moval of a cooling medium, and 
Fig. 4 is a section through an alternative embodiment of the trans- 
former/reactor in fig. 3. 
25 The windings of the shell transformer/reactor according to the in- 

vention comprise a high voltage cable or insulated conductor, which is 
adapted to enclose the electric field in itself. Fig. 1 illustrates an exam- 
ple of such a cable 11 in a cross-section, the cable comprising a number 
of strands 35 of, for example copper, with a circular cross-section. 
30 These strands 35 are provided in the middle of the cable 1 1 . A first 

semiconducting layer 13 is arranged around the strands 35. An insula- 
tion layer 37, for example of XLPE-insulation, is arranged around the 
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first semiconducting layer 13. A second semiconducting layer 15 is ar- 
ranged around the insulation layer 37. The insulated conductor has a di- 
ameter in the interval 20-250 mm and a conducting area in the interval 
80-3000 mm 2 . 

The illustrated insulated conductor is flexible and this property is 
maintained during the whole lifetime of the conductor. The different lay- 
ers are contacting each other also when the cable is being bent and at 
least two adjacent layers have substantially equal coefficients of thermal 
expansion in order to avoid ruptures between the layers when the cable 
is subjected to thermal expansion. 

Fig. 2 illustrates a torus-shaped transformer/reactor according to 
the invention. The winding or the windings 4 is/are arranged within a 
torus-shaped tube 2 of an insulating material, such as a plastic material. 
These windings 4 are wound by the cable 11 shown in fig. 1. The pri- 
mary and secondary windings may be mixed in the case of a trans- 
former, the fields from the windings thereby advantageously reducing or 
almost extinguishing each other. 

The tube 2 serves as a support for the band 6, utilised for the 
production of the shell. This support construction does not necessarily 
need to be in the form of a tube, but may also have other forms, such as 
a grate construction. 

The shell of the transformer/reactor is wound by a band 6 of a 
magnetizable material. The band 6 is covered or impregnated with a 
glue or paste, for example a curable resin on at least one of the sides 
thereof, so that a self-adhesive band is obtained. Adjacent winding turns 
will thereby be glued together so that a mechanically rigid and stable 
shell is obtained. Such a gluing together of the turns is necessary, es- 
pecially for production of large transformers/reactors. 

The band from which the shell is wound does not need to be con- 
tinuous along the complete length thereof, since the magnetic flux can 
pass an air or glue gap. The shell may therefore be wound from a band 
roll 8, th winding continuing until th roll 8 is finish d, the winding 



WO 99/28922 9 PCT/SE98/02157 

thereafter continuing from a n w roll without any r quirements of a s - 
cure joining of the two free band ends. The production of the shell is in 
this way facilitated. 

The glue or paste 10 comprises a magnetizable filling agent, 
5 such as iron powder or magnetite powder, in order to reduce the reluc- 
tance of the shell* 

The band 6 is preferably made of a thin iron band, which is easy 
to bend and fold for the production of the shell. 

Openings may easily be provided through the shell 12 for electric 

10 connections and supply and removal of cooling medium in the transform- 
er/reactor according to the invention. By arranging a hollow construction 
of a desired shape in the middle of the transformer/reactor, a corre- 
sponding shell may be formed by winding onto this construction. Blocks 
or pins of, for example, wood are suitably arranged in the direction 

15 through the shell to be formed at those positions where openings are 
desired through the shell, whereupon the band is wound at the side of 
said pins or blocks, the pins or blocks thereafter being removed so that 
the openings are set free. The electric winding or windings may in ad- 
vance be arranged inside the hollow construction or the hollow construc- 

20 tion may also be formed such that the cable for the electric winding or 
windings may be rolled in through the above mentioned openings to the 
space inside the construction. 

Fig. 3 illustrates such openings on the upper side of the transfor- 
mer/reactor at 14 and on the lower side of the transformer/reactor at 16. 

25 Four electrical through-connections are required through the shell 

in the most simple case of a transformer with one primary and one se- 
condary winding and two electrical through-connections are required 
through the shell in the case of a reactor with only one winding. The 
cooling medium may also be supplied and removed from the openings 

30 14, 16, see arrows in figs. 3 and 4. The cooling medium may be air, a 
liquid or a cryo-liquid, such as liquid nitrogen or C0 2 . Tubes may be ar- 
rang d inside or in parallel with the insulated conductor in the winding 4 
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for the cooling, the cooling medium being conveyed through said 
tube/tubes. The cooling medium may alternatively be allowed to flow 
freely inside the winding space inside the shell. 

An alternative embodiment is illustrated in fig. 4 in a section pa- 
5 rallel to the plane of the paper through the torus-shaped transformer/re- 
actor illustrated in fig. 2 with two adjacent openings 18, 20 through the 
shell 12 for supply and removal of the cooling medium. A partition wall 
22 is arranged across the winding space between the two openings 18, 
20 in order to avoid that the path of the cooling medium is being "short- 

10 circuited" by that the cooling medium flows the shortest path from the 

inlet 18 to the outlet 20. The cooling medium is in this way forced to flow 
substantially the complete turn around the winding space from the inlet 
18 before it reaches the outlet 20. An effective cooling is thereby ob- 
tained. The partition wall 22 is perforated in order to allow passage of 

1 5 the cable of the winding or the windings 4. 

The figs. 2-4 illustrate torus-shaped transformers/reactors. There 
is, thanks to their perfect symmetrical form practically not generated any 
leak field at all. These embodiments are therefore particularly well suited 
for being used in environments where it is desirable to avoid distur- 

20 bances or where it is desirable to avoid subjecting persons to electro- 
magnetic fields as mentioned above. 

Obviously the transformer/reactor according to the invention may 
have another shape, for example a square shape, which, however, 
would result in some leak flux. 

25 The above described embodiments of the transformer/reactor ac- 

cording to the invention are one-phase embodiments. Several transform- 
ers/reactors may, however, according to the invention easily be arrang- 
ed to jointly form a multi-phase transformer/reactor. A plurality of trans- 
formers/reactors may, for example, be arranged on a common axis. 



30 
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CLAIMS 

1. A shell transformer/reactor comprising at least one electric wind- 
ing (4) surrounded by a shell (12) of magnetizable material, character- 

5 ized in that the electric winding (4) comprises a high voltage cable, 

which is arranged to substantially enclose an electric field generated by 
a current in the winding 

2. A transformer/reactor according to claim 1, characterized in that 
10 the cable comprises at least one electric conductor (35), a first layer 

(13) with semiconducting properties surrounding the conductor, an insu- 
lating layer (37) surrounding the first layer, and a second layer (15) with 
semiconducting properties surrounding the insulating layer. 

15 3. A transformer/reactor according to claim 2, characterized in that 
the potential of the first layer (13) is substantially equal to the potential 
of the conductor (35). 

4. A transformer/reactor according to claim 2 or 3, characterized in 
20 that the second layer (15) is arranged to form substantially one equipo- 

tential surface surrounding the conductor (35). 

5. A transformer/reactor according to claim 4, characterized in that 
the second layer (15) is connected to a predetermined potential. 

25 

6. A transformer/reactor according to claim 5, characterized in that 
said predetermined potential is ground potential. 

7. A transformer/reactor according to any of the claims 2-6, charac- 
30 terized in that at least two adjacent layers (13, 37, 15) of the winding 

(14) of the transform r/reactor have substantially equal coefficients of 
thermal xpansion. 
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8. A transformer/reactor according to any of the claims 2-7, charac- 
terized in that the conductor comprises a number of strands (35) and 
that at least some of the strands are in electrical contact with each 
other. 



9. A transformer/reactor according to any of the claims 2-9, charac- 
terized in that each of said three layers (13, 37, 15) is rigidly connected 
to adjacent layers along substantially the entire contacting surface. 

1 0. A transformer/reactor according any of the preceding claims, 
characterized in that said layers are formed by materials with such 
elasticity and coefficients of temperature expansion that volume 
changes of the layers caused by temperature variations during operation 
are absorbed by the elasticity of the materials so that the contact of ad- 
jacent layers is maintained. 

11. A transformer/reactor according to any of the preceding claims, 
characterized in that the materials in the layers have a high elasticity. 

12. A transformer/reactor according to any of the preceding claims, 
characterized in that the cable is flexible. 

13. A transformer/reactor according to any of the preceding claims, 
characterized in that the shell (12) is wound by a band (6) of the mag- 
netizable material covered by glue or paste (10). 

14. A transformer/reactor according claim 13, characterized in that 
the glue or paste (10) on the band (6) of magnetizable material com- 
prises a curable resin. 
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15. A transform r/r actor according to any of th claims 13-14, char- 
act riz d in that the glue or paste (10) comprises a magnetizable filling 
agent, such as iron powder or magnetite powder. 

5 16. A transformer/reactor according to any of the preceding claims, 
characterized in that the winding (4) is surrounded by a support con- 
struction (2). 

17. A transformer/reactor according to claim 16, characterized in 
10 that the support construction is formed as a tube (2). 

18. A transformer/reactor according to the claims 16 or 17, charac- 
terized in that the support construction (2) is formed by an insulating 
material, such as a plastic material. 

15 

19. A transformer/reactor according to any of the claims 16-18, char- 
acterized in that the support construction (2) and the shell (12) are 
torus-shaped. 

20 20. A transformer/reactor according to any of the preceding claims, 
characterized in that openings (14, 16; 18, 20) are performed through 
the shell (12) in to the winding (14) for electrical through-connections 
and for supply and removal of a cooling medium. 

25 21 . A transformer/reactor according to any of the preceding claims, 

characterized in that two adjacent openings (18, 20) are formed through 
the shell (12) for supply and removal of a cooling medium and in that a 
perforated partition wall (22) for the passage of the winding cable is ar- 
ranged between the openings substantially across the winding space 

30 inside the shell. 
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22. A transform r/reactor according to any of the preceding claims, 
characterized in that cooling tubes are inserted in parallel with the ca- 
ble into the winding (4). 

5 23. A transformer/reactor according to any of the preceding claims, 
characterized in that the cooling medium for cooling the electric winding 
(4) is air, a liquid or a cryo-liquid, such as liquid nitrogen or liquid C0 2 . 



24. A transformer/reactor according to any of the preceding claims, 
10 characterized in that the transformer/reactor is formed for operating in 

the voltage range 36-800 kV. 

25. A multi-phase shell transformer/reactor, characterized in that a 
plurality of transformers/reactors according to any of the preceding 

15 claims are arranged to jointly form a multi-phase transformer/reactor. 

26. A method for producing a shell transformer/reactor comprising at 
least one electric winding (4) surrounded by a shell (12) of a magnetiz- 
able material, characterized in that the electric winding (4) is wound in 

20 a support construction (2) and includes an electric high voltage cable 
(11), which is arranged to substantially enclose an electric field gener- 
ated by a current in the winding. 

27. A method for producing a shell transformer/reactor according to 
25 claim 26, characterized in that the shell (12) is wound on the outside of 

the support construction (2) by a band (6) of a magnetizable material. 
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28. A method according to claim 27, characterized in that a glue or 
paste (10) is applied on the band (6) before the winding operation in or- 
der to glue or paste the turns of winding together to a rigid shell (12). 
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29. A method according to claim 27 or 28, charact riz d in that pins 
or blocks are arranged in a direction through the shell (12) to be formed 
at the winding of the shell at those positions, where openings (14, 16; 
18 t 20) through the shell are desired for electrical through-connections 

5 and cooling tubes, whereupon the band (6) of magnetizable material is 
wound on the side of said pins or blocks, and the pins or blocks thereaf- 
ter are removed. 

30. A method according to any of the claims 26-29, characterized in 
10 that the primary and secondary windings of the transformer are wound 

mixed with each other. 
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